Abstract We report on the results of a low-intensity behavioral intervention to reduce second hand smoke (SHS) exposure of children with asthma from low income minority households in Los Angeles, California. In this study, 242 child/adult dyads were randomized to a behavioral intervention (video, workbook, minimal counseling) or control condition (brochure). Main outcome measures included child's urine cotinine and parental reports of child's hours of SHS exposure and number of household cigarettes smoked. Implementation of household bans was also considered. No differences in outcomes were detected between intervention and control groups at follow-up. Limitations included high attrition and low rates of collection of objective measures (few children with urine cotinine samples). There continues to be a need for effective culturally and linguistically appropriate strategies that support reduction of household SHS exposure among children with asthma in low income, minority households.
Introduction
Asthma is at a historically high prevalence among children in the U.S., with significant implications for health and public health systems. Pervasive disparities in the prevalence, severity and morbidity of this disease have been identified among minority populations and research suggests that multiple interrelated factors contribute to these health disparities [1] [2] [3] [4] . Among these factors, evidence is sufficient to infer a causal relationship between parental smoking and ever having asthma among children of school age and is suggestive of a causal relationship between second hand smoke (SHS) exposure from parental smoking and the onset of childhood asthma [5] . Evidence also indicates that SHS exposure reduction is associated with fewer episodes of poor asthma control, respiratory related emergency room visits, and hospitalizations [6] . An estimated 11 % of children under 6 years of age are reported to be regularly exposed to household SHS; exposure is significantly higher in households at and below the poverty level [7] ; and many children with asthma continue to experience household exposure to SHS [5, 8] .
Recognizing that reducing this exposure can confer substantial health benefits has led to the design and testing of interventions to reduce household SHS. Some studies utilizing intensive strategies (e.g., multiple clinic or home counseling sessions, follow-up phone calls, culturally tailored educational materials) have been found to reduce smoking in the home and children's exposure, including among racially and ethnically diverse low-income households with healthy children [5, [9] [10] [11] and children with asthma [12] [13] [14] , and to reduce asthma health-care utilization [15] . Other studies testing multiple sessions led by trained research personnel [16] or bilingual/bicultural lay personnel [17] , or where programs targeted a range of asthma triggers [18] , have found no impact. Where successful, these approaches are encouraging, although it is unclear that they can be disseminated and maintained, particularly in care and educational settings serving lowincome and minority children.
Brief educational interventions, including in clinical settings, have achieved short-term willingness to take protective steps in the homes of sick children [19] , but, for the most part, have not resulted in reduced SHS exposure [20, 21] including among parents of children with asthma [22] . Strategies are needed that are effective and likely to be successfully implemented in diverse settings for this atrisk population. We report on a randomized controlled trial conducted between 1996 and 2001 to evaluate a minimal contact behavioral counseling intervention to decrease household SHS exposure among children with asthma from low-income, predominantly ethnic minority families. All study procedures were approved by the UCLA Office for the Protection of Human Subjects.
Methods

Participants
Study participants were children with asthma and a parent or guardian from each child's household. A convenience sample was recruited of 242 children 2-14 years of age with asthma who, when a parent/guardian was screened, were identified as living in households with at least one current smoker and where smoking had occurred at home, either indoors or outdoors, at least once in the previous month. Affirmative responses to any of the following items (modified from Severson et al. [23] .) resulted in inclusion in the pool of eligible participants: (1) Do you smoke? (2) Does anyone else who lives in your household smoke? (3) Has anyone actually smoked at your home in the previous month? Recruitment occurred at 15 outpatient clinics, mobile asthma vans, schools, community agencies and hospital emergency rooms throughout Los Angeles serving predominantly lowincome, medically underserved populations. Potential participants were screened for eligibility by a bi-lingual (Spanish/English) study coordinator either in-person at the recruitment site or by telephone. Eligible subjects were advised of the study's objectives, procedures, risks and benefits; offered a potential total honorarium of up to $135 for participation; and if they chose to participate, guided through the UCLA Institutional Review Board's informed consent procedure. Study participants received partial payment at time of completion of each study component. All field procedures were conducted by trained bicultural/bilingual (Spanish/English) staff members.
Intervention
Intervention development was guided by the Health Behavior Framework (previously the Adherence Model). This is a multi-dimensional conceptual/theoretical framework that synthesizes major theoretical formulations, taking socio-cultural, environmental, and individual factors into account. The Framework has been utilized in communitybased research among diverse populations, reported in the research literature, and guided our preliminary work in the study on which we currently are reporting [24] [25] [26] . This preliminary work involved two 2-h focus groups conducted among 8-10 children with asthma and their parents who were not included in the main study. These participants were recruited through a Los Angeles area school district serving a low-income predominantly minority (Latino, African American) population. In the focus groups, the children and parents separately completed draft baseline surveys, and parents participated in an audio-taped group discussion of potential intervention themes and strategies.
The intervention included a tailored Spanish/English video that addressed implications of SHS exposure for children with asthma; possible efficacy of household SHS exposure reductions on the child's health and frequency of asthma attacks; and strategies to reduce household SHS exposure. A companion Spanish/English workbook was provided to reinforce the messages in the DVD and encourage discussion among household members, including among family members not participating in the study, regarding implementation of household change. Brief counseling consisted of asking participants to use the DVD and workbook, Field staff was specifically advised that no other information should be provided, and therefore no script was used. Parents were also instructed regarding data collection, placement of monitors, and collection of urine samples. Booster elements, successful in asthma selfmanagement interventions, [13, 27] were provided (refrigerator magnet, mug, ''no smoking'' signs to place in rooms designated as ''off limits'' to smoking and in the family car) as reminders. Control group participants received standard brochures describing the importance of SHS exposure as an asthma trigger.
Data Collection and Measures
Sealed envelopes holding randomized group assignments were opened by the field coordinator following baseline data collection.
Baseline data were collected in-person at the time of recruitment or at a later scheduled appointment at the recruitment site according to participant preference. At the baseline visit, parents completed a survey administered by a field coordinator in the language (Spanish/English) preferred by the participant, with the coordinator reading each question to the participant and recording the participant's response. As part of the survey, each parental respondent was asked to create a household roster that included all people residing in the home, including family, friends, relatives, boarders, and any visitors who ''spend time in your home and smoke on a regular basis, such as relatives, in-laws, other children, friends, babysitters or others, at least 4 days a week or more.'' The smoking status of each person on the roster was determined. For each smoker, the parent was asked the following questions: (1) On the days that (you smoke/PERSON smokes), about how many cigarettes (do you/does PERSON) usually smoke at home per day? (2) When (you are/PERSON is) at home, where (do you/does PERSON) usually smoke? Would you say (you smoke/PERSON smokes) outdoors only, indoors only, both indoors and outdoors, or (do you/does PERSON) not smoke at home? (3) In a typical week, what is your best estimate about the number of hours (you smoke/PERSON smokes) (inside your home/outside your home/in the car) in a week. Remember to think about both weekends and weekdays, evenings, and daytime. (4) Thinking about the number of hours (you smoke/PERSON smokes) (inside your home/outside your home/in the car) per week, about how many of these hours do you think your child was (in the same room/in the same place/in the car) when (you were/PERSON was) smoking?
We used the parental survey information to calculate summary measures of household smoking, including total number of smokers in the home; paternal and maternal smoking status; total number of cigarettes smoked per day in the home, summed across all household smokers; total number of hours smoked per week (summed across all household smokers, at home indoors, at home outdoors, and in the car); and total number of hours the child with asthma was thought to be exposed to SHS in the home (indoors at home, outdoors at home, and in the car).
Each parent was asked to read a series of statements and mark those that described how they handled smoking inside their homes: ''People are allowed to smoke anywhere and anytime inside my home''; ''People are allowed to smoke only in certain areas or rooms inside my home''; ''People are allowed to smoke only at certain times inside my home''; ''Smoking inside my home is allowed only for special guests or on special occasions''; and/or ''No one is allowed to smoke at all inside my home.'' The responses were used to categorize households dichotomously as having either (1) total household smoking restrictions (''full smoking ban'') or (2) permitting smoking in the home, either at some places or times (e.g., when the child is not present) or with no restriction whatsoever (''partial/no smoking ban'') [28] [29] [30] .
Other survey items included household demographics, child's asthma severity, asthma-related quality of life, and attitudes towards smoking. For Spanish-speaking Latino participants, a five-item language usage scale was administered to assess acculturation [31] . A separate survey administered to children 7 years or older assessed the child's perception of quality of life relating to asthma and of household smoking behavior (estimates of time household members smoked in the home weekly, number of hours of SHS exposure weekly, inside/outside the home and in the car, attitudes towards this exposure). For these children, urine samples were collected for analysis of urine cotinine, a biomarker for SHS exposure. The urine samples were collected in sterile specimen cups at time of survey, transported in coolers for immediate freeze-up, and stored frozen (-20°C) at the UCLA study office. The samples were then batch mailed to the Centers for Disease Control and Prevention, Division of Environmental Health Laboratory Sciences, for analyses using isotope dilution high performance liquid chromatography/atmospheric pressure chemical ionization tandem mass spectrometry (ID HPLC-APCI MS/MS) [32] .
Air nicotine monitor readings have been found to correspond closely with self-reported measures of household smoking exposure [33] [34] [35] . Therefore at the time of the inperson data collection, parents/guardians were provided with two passive air nicotine monitors, each consisting of a sodium bisulfate-treated filter held in a 37 mm polystyrene cassette with a windscreen and relying on passive diffusion of nicotine to the filter [36] and asked to place the filters in a ''major activity room'' in their home (e.g., where family watch television) for two consecutive seven-day periods, with each filter used for a 1 week period. Each monitor was provided in a cup with a label that included the participant's study ID number and the specific dates on which the air monitors were to be placed in the home and mailed back to UCLA in a provided mailer envelope. A phone call was made to remind participants to return the first week filter. When this filter was received at UCLA, a call was made to acknowledge receipt and remind participants to place and then return the second week monitor. All monitors were returned to UCLA and batch mailed to the University of California, Berkeley, School of Public Health where filter contents were desorbed in water and analyzed using gas chromatography. Cotinine and air monitor analyses were blind to condition assignment and questionnaire results.
Follow-up data were collected in-person at 6 months at the clinic, school or home according to participant preference, and by telephone at 12 months following baseline. At both assessments, in addition to the baseline survey domains, parents/guardians were asked about changes in household smoking practices and SHS exposure. Urine cotinine analysis and air nicotine monitoring were repeated at the 6-month follow-up.
Analysis
Intervention/control group differences in child and parent/ guardian demographic characteristics were evaluated using t and Chi-square tests. SHS measures included child's urine cotinine levels (ng/mL); household average nicotine level (g/ m 3 ) over the 2-week monitoring period; total number of hours of smoking weekly in the household; total number of hours of child's exposure to second-hand smoke weekly; total number of cigarettes smoked in the household daily; and whether or not a full household smoking ban was in place. Differences in the distributions of these measures between the intervention and control groups at baseline and between subjects retained and not retained at follow-up were assessed using Chi-square tests (full household smoking ban) or Wilcoxon rank sum tests (all other measures). Changes in SHS measures between baseline and follow-up within groups were assessed using McNemar's test (full household smoking bans) or one-sample t-tests on change variables (follow-up minus baseline; all other measures). For SHS measures other than full household smoking bans, differences in change from baseline to follow-up between groups were assessed using two-sample t-tests on change variables. Differences between groups in the proportions of respondents with full household smoking bans at each follow-up assessment were compared using Chi-square tests.
To assess the validity of self-report of household smoking bans, air nicotine levels between households reporting full versus partial/no smoking bans were compared using Wilcoxon signed-rank tests. To assess child SHS exposure outside the household, we examined the urine cotinine levels of children in households with zero air nicotine levels. A two-sided significance level of 0.05 was used for all tests. Analyses were performed using Stata Version 11.
Results Table 1 provides demographic characteristics of participants. The children were on average approximately nine years old (range = 2-14) and most were male. No children who smoked were identified. Most parent respondents were mothers of the child participant, Latino, married/cohabiting, had less than high school education, and had annual income less than $10,000. There were no significant differences in demographic characteristics between the intervention and control groups (all p [ .05). Table 2 reports baseline SHS measures, overall and by group. Child's urine cotinine and household nicotine level were collected for only 60 % and 67 % of respondents, respectively. No significant intervention and control group differences were found for any baseline SHS measure (p [ .05, Wilcoxon rank sum test). Respondents reported a median of 7-h of household smoking per week and 0.5-h per week of child exposure to SHS. Forty-eight percent of respondents reported full household smoking bans. Figure 1 shows participant flow. Due to attrition, the sample was reduced to 202 households at first follow-up and 177 at second follow-up. The proportions of dropouts in each condition were similar (p [ .05 by Chi-square test). Child participants who dropped out had higher baseline cotinine (n = 27, median = 2.13 ng/mL, range = 0.13-14.7 ng/mL) than those retained at first follow-up (n = 119, median = 0.675 ng/mL, range = .067-33.2 ng/mL; p = .024 by Wilcoxon rank sum test); no differences were found in demographic or baseline parental smoking characteristics or other baseline SHS measures between these groups.
Changes in SHS measures assessed at first and second follow-up time points are reported in Table 3 . No intervention/control group differences were found in change between baseline and either first or second follow-up for any measure. Significant changes within both groups were found for number of smoking hours and number of hours of child's exposure to SHS. Figure 2 shows the proportion of households reporting full household smoking restrictions by intervention and control group and overall, at baseline and first and second follow-ups. The overall proportion reporting full smoking bans increased from 48 % (114/240) at baseline to 65 % (130/199) at first follow-up, and 76 % (133/174) at second follow-up. No significant intervention/control group differences were found in the proportion of households reporting full smoking bans at baseline, first, or second follow-up (all p [ .05 by Chi-square tests). There were (23) 32 (26) 59 (25) White (%) 16 (14) 20 (17) 36 (15) Other (%) 2 (2) 1 (1) 3 (1) Marital status
Married/cohabitation (%) 73 (62) 74 (60) 147 (61) No partner in home (%) 45 (38) 50 (40) 95 (39) Education Less than high school (%) 53 (45) 58 (47) 111 (46) Completed high school (%) 34 (29) 33 (27) 67 (28) More than high school (%) 31 (26) 33 (27) Differences from 0.5 were tested using two-sided t test for household smoking bans in each intervention/control condition a Differences between groups were assessed using the Wilcoxon rank sum test also no significant differences between groups in percentage of households reporting having changed restrictions, either at first or second follow-up (all p [ .05 by Chisquare tests). Air nicotine levels were significantly lower for households reporting full smoking bans as compared to partial/no bans at baseline (full bans: n = 82, median = 0.0275, range = 0-0.775; partial bans: n = 78, median = 0.115, range = 0-12.685; Wilcoxon signed rank p \ 0.0001) and at 6-month follow-up (full bans: n = 108, median = 0.04, range = 0-2.635; partial bans: n = 53, median = 0.16, range = 0.01-16.69, Wilcoxon signed rank p \ 0.0001).
Of the 102 children at baseline with both urine cotinine and air nicotine data, 26 % (27/102) have mean air nicotine levels of zero. These 27 children had a median urine cotinine of 0.255 ng/mL and a range of 0.07-2.2 ng/mL, suggesting some source of SHS exposure outside the area where the air monitors were placed.
Discussion
Our goal was to develop and test a minimal intervention aimed at reducing household SHS exposure among lowincome, race/ethnic minority children with asthma that could easily be incorporated and maintained in usual care and education at modest cost. Results of the randomized trial were disappointing. The intervention was unsuccessful with respect to reduction in household smoking and household SHS exposure of these children. In addition, while most households that remained in the study reported full household smoking bans by the end of the study, we found no difference in control/intervention households citing a ban on smoking.
A number of factors may have contributed to these results. Levels of initial exposure were already low, leaving limited opportunity for further reduction. Reflecting California's tobacco control efforts [37] , for many years the state has had the highest rate of household smoking bans in the nation [38] . Therefore, the number of households with high levels of smoking and a child with asthma may have been limited, and adults from high exposure households may have been unwilling to take part. This may particularly have been the case for the Latino families in our study, approximately 60 % of participants. While there is considerable tobacco use among men in this population, tobacco use among Latinas is low, there is a cultural value of familismo, emphasis on family, including emphasis on children's health [17, 39] , and children's household SHS exposure is lower among Latino families than for other race/ethnic groups [40] . Further, as in other unsuccessful trials [17, 21, 22] , we likely lacked statistical power to detect intervention/group differences. Recruitment was difficult and attrition rates were high, possibly related to the extensive data collection protocol. Simply taking part in the study and completing the challenging data collection process may have overwhelmed the intervention's impact, alerting all participants to the need for household change. This effect may have been increased by provision of some information to control group families [14, 20, 21] . Finally, to enhance the study's cultural competence [17, 41] , data collection was conducted by community members, lay Latinas who were extremely simpatico and supportive of study participants. An unanticipated consequence of this sympathetic tone may have been to overwhelm the minimal intervention's impact and encourage control group participants to also reduce household SHS exposure, thus biasing results. Likewise, this sympathetic setting may have resulted in inaccurate reports of household change, a concern given continued evidence of household smoking.
We recognize the importance of children's SHS exposure in places other than the household setting (e.g., friends' homes, day care settings, outdoor venues) [42] . We considered asking participants for information regarding this exposure but decided against this out of concern for respondent burden, already considerable in the data collection process identifying exposure indoors and outdoors in the home setting and in the car. Moreover, major importance has been placed on household SHS exposure in the literature.
Conclusions
Despite these results, our study provided several important insights. The ''null'' results of our trial suggest that a minimal intervention with limited contact may not suffice to achieve a reduction in household tobacco exposure among low income minority families that have children with asthma. However, although no intervention/control group differences were found, our study suggests that it is possible to implement household restrictions that were not previously in place, including among low-income and minority families, since most households reported implementing full smoking bans by the end of the study (136 of the original 242 at baseline, 56 %). This is significant in light of the implications of such restrictions for reduced exposure [43] and the association of bans with smoking cessation and decreased cigarette consumption. Our research also points to the need for further study of the process by which change occurs, i.e., what changes families believe they are making and actually achieve. Support for smoke free homes is increasing, especially when children are present, [5, 44] and smoke free homes have increased in the past decade nationally and in every state [38] . Nevertheless, considerable household SHS exposure still occurs, including among children with asthma [5, 8] , and reports of household bans or the extent of exposure are not always consistent [29, 45] . Although protecting the health of householders and particularly children, including those with asthma and other diseases, is a consideration as families decide to adopt household 
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Intervention Control Overall Fig. 2 Rates of full household smoking ban at baseline, first, and second follow-up restrictions, [43, 46] a diagnosis of asthma in a child does not necessarily alter parental smoking behavior [47] . There continues to be a need for effective culturally and linguistically appropriate strategies that support reduction of household SHS exposure, including among children with asthma. Efficacy trials are needed to determine whether intensive programs can be successfully disseminated and maintained, particularly in settings serving low-income and minority youth [48] . Likewise, more research is needed to identify less intensive, minimal contact strategies that might increase the likelihood of uptake and maintenance in health care and other settings.
